Background/Goals: Inpatient colonoscopy preparations are often inadequate, compromising patient safety and procedure quality, while resulting in greater hospital costs. The aims of this study were to: (1) design and implement an electronic inpatient split-dose bowel preparation order set; (2) assess the intervention's impact upon preparation adequacy, repeated colonoscopies, hospital days, and costs.
A chieving adequate bowel preparation quality is integral to ensuring an optimal diagnostic and therapeutic colonoscopy in the inpatient setting. However, nearly half of inpatient colonoscopy preparations are suboptimal. [1] [2] [3] [4] [5] [6] [7] [8] Inadequate bowel preparations are associated with procedure delays, need for repeat procedures, longer hospital length of stay, and higher hospital costs. 3 As a large number of colonoscopies are performed in the United States, an estimated 11.5 million in 2009, inadequate preparations represent a significant source of wasted health care dollars and may potentially lead to adverse outcomes. 9 Inpatient colonoscopies performed in the afternoon are associated with inadequate bowel preparations. 3 This risk is potentially attributed to longer preparation-tocolonoscopy time intervals, and is a potentially modifiable risk factor. In the ambulatory setting, split-dose bowel preparations are superior to single dose preparations; however, split-dosing is perceived as cumbersome to administer in the inpatient setting without proven efficacy in the literature. [10] [11] [12] [13] [14] Consequently, split-dose preparations are not widely used among hospitalized patients.
The aims of this study were to: (1) design and implement an electronic inpatient split-dose bowel preparation order set; and (2) assess the intervention's impact upon preparation adequacy, repeated colonoscopies, hospital days, and costs.
MATERIALS AND METHODS
We performed a prospective pragmatic nonrandomized quasiexperimental study at an academic medical center over an 18-month period (January 1, 2014 to June 30, 2015), designing and assessing the impact of an inpatient bowel preparation improvement initiative. The Northwestern University institutional review board (protocol number STU00089524) approved this study and granted a waiver of informed consent.
Study Design

Intervention Development
Over a 6-month period (January 1, 2014 to June 30, 2014), our study team utilized DMAIC (define, measure, analyze, improve, and control) methodology to design an inpatient electronic bowel preparation algorithm. DMAIC is a data-driven improvement cycle to improve, optimize, and stabilize processes. 15 The interdisciplinary team consisted of a project lead (R.Y.), project champion/principal investigator (R.N.K.), unit nurse, nursing educator (L.W.), patient educator, gastroenterology (GI) trainee, internal medicine trainee (E.R.J.), hospital medicine physician (R.C.), pharmacist, and information technology specialist. To formulate an evidence and consensus based split-dose bowel preparation algorithm, we conducted a 2-round Delphi method with a working group of 8 inpatient GI attendings. 16 We incorporated the bowel preparation algorithm into an electronic order set. Implementation: the team fully implemented the inpatient bowel preparation order set on July 1, 2014, and prospectively collected data over the subsequent 12-month period (July 1, 2014 to June 30, 2015).
Study Population
We compared data between 2 cohorts, the postintervention cohort and the historical preintervention cohort. Postintervention cohort: we prospectively enrolled all adult patients scheduled to undergo inpatient colonoscopy over a 12-month period (July 1, 2014 to June 30, 2015). Preintervention cohort: to assess the intervention's impacts, we retrospectively collected data on a cohort of patients who received single dose 4 L of GoLytely the evening before inpatient colonoscopy over a 12-month period before interventions (January 1, 2013 to December 31, 2013). We identified these patients through a query of our endoscopy documentation system, ProVation Medical (Minneapolis, MN). Both cohorts included all hospitalized patients who received a bowel preparation and underwent an inpatient colonoscopy regardless of prior surgical history or procedural indication; patients not scheduled to receive a bowel preparation and those planning to undergo a sigmoidoscopy were excluded.
Outcomes
The primary outcome of this study was bowel preparation quality. The secondary outcomes included rates of delayed and repeated (inpatient or within 3 mo as an outpatient) procedures due to inadequate preparation, hospital days from time of preparation initiation to discharge, and hospital costs.
We extracted the quality of bowel preparation from the colonoscopy procedure report. Through a structured chart review of all identified patients for study inclusion, the study team gathered patient demographics, comorbidities, presence of gastrointestinal symptoms, colonoscopy history, medication use, and hospital days. To calculate average cost per day, we extracted available cost data for all patients from the Northwestern Medical Enterprise Data Warehouse, an integrated repository of clinical and research data sources.
Rater Reliability and Agreement for Primary Outcome
As 2 different scales were used to rank bowel preparations in the 2 cohorts [the Aronchick scale was used to rank the majority of bowel preparations in the preintervention cohort and the Boston Bowel Preparation Scale (BBPS) was utilized in the postintervention cohort] we conducted an analysis to assess interobserver and intraobserver agreement for bowel preparations. Thirteen GI fellows viewed 10 video clips, each representing the right, transverse, and left colon segments, and ranked them according to the Aronchick scale, provided segmental BBPS scores, and indicated overall preparation adequacy. 
Definitions
A priori, we classified bowel preparation quality dichotomously as adequate or inadequate. We defined a preparation as inadequate if described as "poor" on the Aronchick scale, had a total BBPS < 6 or segmental BBPS < 2, and/or, when the colonoscopy was delayed for at least 1 hospital day due to poor preparation. 17, 18 Conversely, we defined a bowel preparation as adequate if the record indicated "adequate," "good," or "excellent," a total BBPSZ6 or segmental BBPSZ2. Although a "fair" preparation according to the Aronchick scale is considered to be adequate, 17 the majority (60%) of our endoscopists considered "fair" to be inadequate during a provider survey and in our agreement analysis fellows considered 58% of "fair" cases to be inadequate. Similarly, recent expert opinion supports that preparations described as "fair" lack meaning and a prior study validating the BBPS associated "fair" preparations with a mean BBPS of 5. 19, 20 Thus, we a priori considered "fair" to be inadequate in primary analysis, and conducted a separate sensitivity analysis considering "fair" as adequate (Table 1) .
Statistical Analyses
Analyses evaluated differences in preidentified risk factors and outcomes between the preintervention and postintervention groups. An independent 2-sample t test examined mean age across the 2 groups, whereas the Cochrane-Mantel-Haenszel test controlling for American Society of Anesthesiologists (ASA) class explored dichotomous risk factors and the proportions of patients with inadequate preparation, delayed colonoscopy, and repeated colonoscopy. Analyses for hospital days used truncated negative binomial regression controlling for ASA class, as this covariate was highly significantly associated with 
Bowel Preparation Quality Definition
Adequate Total BBPSZ6 Segmental BBPSZ2 Preparation description of "adequate," "good," "excellent" And/or no delay in colonoscopy due to inadequate preparation Inadequate Total BBPS < 6 Segmental BBPS < 2 Preparation description of "poor," "fair"* And/or delay in colonoscopy of at least 1 day due to inadequate preparation *We, a priori, defined "fair" preparations as inadequate based on available literature and provider survey. Given conflicting opinions and literature on the adequacy of a "fair" preparation, we conducted a secondary analysis considering "fair" as adequate.
BBPS indicates Boston Bowel Preparation Scale.
hospital days. Overall cost savings was figured by multiplying the mean cost by the average number of days that length of stay was increased by a repeated or delayed colonoscopy due to inadequate bowel preparation, and then by the estimated number of patients in the prospective group who were prevented from having a repeated or delayed colonoscopy. All statistical analyses and figure generation utilized SAS software, version 9.4 (Cary, NC).
RESULTS
Development of Inpatient Electronic Bowel Preparation Algorithm
On the basis of consensus from the 2-round Delphi process the inpatient bowel preparation algorithm included split-dose NuLytely (Braintree Laboratories Inc., Braintree, MA) with 2 L administered at 6 PM and 2 L administered at 3 AM. In addition, the algorithm incorporated 2 nursing checkpoints to assess preparation efficacy: 4 hours after preparation initiation and 2 hours after administration of the second dose (Fig. 1) . If the preparation was poorly tolerated or ineffective, then the electronic order set prompted nurses to administer rescue or alternative purgative agents. To allow for standardized documentation during nursing assessment of the preparation process, we created an electronic nursing bowel preparation assessment tool (NBPAT). The NBPAT is an internally validated tool used to assess 3 bowel preparation characteristics: color, consistency, and sediment. On the basis of responses to each, an overall NBPAT score (ranging from 0 to 5) is automatically summated (Fig. 2) . 21 This NBPAT score is electronically recorded and immediately available to the health care team via the electronic health record. To ensure consistency of orders, we created a standardized electronic order set including the above interventions and incorporated it into the electronic health record (Fig. 3) .
Outcomes Following Implementation
We implemented the electronic inpatient split-dose bowel preparation order set on July 1, 2014. Over the subsequent 12-month period, 445 patients met study inclusion criteria, and were compared with 524 patients undergoing inpatient colonoscopy before intervention. Of all 969 patients included in this study, the mean age was 57.7 ± 17.1 years and 46.9% (455) were female. There were no significant demographic differences between the preintervention and postintervention cohort. A greater proportion of the preintervention cohort had an ASAZ3 (40.7% vs. 27.7%; P < 0.01) and thus all analyses controlled for potential confounding effects of ASA. The most common indication for inpatient colonoscopy was FIGURE 1. Standardized bowel preparation algorithm. The study team developed this bowel preparation algorithm via a 2-round Delphi method with 8 GI attendings. The new algorithm incorporates a split-dose bowel preparation to start at 6 PM the evening before scheduled procedure. If at the 10 PM nursing check the preparation is well tolerated and effective, the next step is to administer the second portion of the split-dose preparation at 3 AM. If, however, at the 10 PM nursing check the patient is not tolerating the preparation or the preparation is ineffective, nurses are advised to additionally administer antiemetics (ondansetron) and rescue purgatives as appropriate [bisacodyl, magnesium citrate (not to be used if CrCl < 30 mL/min), and/or tap water enemas]. During the second nursing check at 5 AM nurse documents the prepped stool characteristics on the electronic NBPAT. This documentation is immediately available on the electronic health record. The GI fellow checks the NBPAT documentation in the morning to gauge preprocedural preparation adequacy and proceeds accordingly. GI indicates gastroenterology; NBPAT, nursing bowel preparation assessment tool; NPO, nil per os; prep, preparation.
gastrointestinal bleeding (40.3% in preintervention cohort and 36.3% in the postintervention cohort) ( Table 2) .
Following implementation of the inpatient bowel preparation intervention, we found a significant improvement in preparation quality with adequacy increasing from 42.5% preintervention to 85.7% postintervention (P < 0.01). Improvement in preparation quality persisted over the 12-month study period, with monthly preparation adequacy rates ranging from 72.0% to 95.0%. There was 93.3% compliance with utilizing the electronic colonoscopy order. As expected, following the intervention, significantly more patients received a split-dose preparation (91.5% vs. 1.3%; P < 0.01) and additional "rescue" purgatives before colonoscopy (25.0% vs. 4.2%; P < 0.01). Furthermore, documentation of BBPS significantly increased following intervention (84.7% vs. 0.5%; P < 0.01). In a sensitivity analysis considering "fair" preparations as adequate, a significant increase in bowel preparation adequacy persisted postintervention (85.7% vs. 77.8%; P < 0.01) ( Table 3) .
We observed a significant decrease in the proportion of colonoscopies repeated as an inpatient or outpatient (within 3 mo) due to prior inadequate inpatient bowel preparation (2.0% vs. 4.6%; P = 0.03). Furthermore, there was a significant decrease in mean hospital days from bowel preparation initiation to time of discharge in the postintervention cohort (6.9 vs. 8.0 d; P = 0.02). However, the proportion of procedures delayed due to inadequate preparation did not decrease postintervention (7.4% vs. 6.5%; P = 0.6). On the basis of a reduction in excess hospitalization days due to repeat and delayed procedures, we estimated a 1-year cost savings of $46,076 attributed to the 
CONCLUSIONS
Here we report the outcomes of a pragmatic quasiexperimental study to improve the quality of inpatient bowel preparations at our institution. This initiative implemented an electronic inpatient bowel preparation order set consisting of a standardized split-dose bowel preparation algorithm with automated orders for rescue medication administration and nursing bowel preparation assessments. Following implementation, the rate of adequate bowel preparations significantly increased (from 43% to 86%) with a commensurate decrease in repeated procedures and hospital days from time of bowel preparation to discharge.
Our health care system has shifted toward emphasizing value, with a primary focus on optimizing the quality of patient care while reducing costs. Accomplishing these goals requires efforts to eliminate repeat procedures and delays in patient care that lead to unnecessary health care expenditure in the inpatient setting. 22, 23 Optimizing the value of inpatient colonoscopy is critical to improving patient care and reducing health care costs. In this study, we utilized a systematic approach to successfully reengineer and standardize the clinical and administrative processes associated with inpatient bowel preparation practices. Our results illustrate that this is a modifiable problem with clinically feasible and sustainable solutions with potential to improve outcomes and reduce costs. The significantly high compliance with the colonoscopy order set and administration of split-dose preparation and rescue purgatives following intervention additionally highlight the ease with which the order set was incorporated into routine clinical workflow. Thus, practice patterns can be modified via structured clinical aids, even for practices perceived as burdensome such as inpatient split-dosing. Consolidating the improvement ideas into a single standardized electronic colonoscopy order set was additionally useful in reducing the complexity of workflow changes, decreasing variability, and automating communication amongst the health care team.
Unexpectedly, following intervention, the rate of delayed colonoscopies due to inadequate preparations did not significantly change. We speculate that the availability of a novel mechanism to detect inadequate preparations before colonoscopy, the NBPAT, facilitated appropriate delay in colonoscopy when the preparation was inadequate; thus, although procedure delays did not decrease, overall procedure quality markedly increased.
This was a pragmatic process improvement study aimed to assess the effectiveness of an intervention in a realworld setting. Such studies are inherently limited in their study design. We implemented interventions simultaneously to minimize provider confusion and ease incorporation into the health care workflow, recognizing that the lack of a graded approach limits the ability to discern independent impacts. 24 Despite this limitation, we believe that the change from single dose the day before split-dose bowel preparation with rescue preparation options standardized was the major driver of improved preparation quality, whereas the automated and electronic orders facilitated communication and compliance. Recognizing that our interventions were higher quality than the current standard, our intention was to provide this best practice to all eligible patients. Thus, we compared our postintervention cohort to a historical cohort rather than performing a randomized controlled study. The large sample size of each cohort and regression modeling attempt to minimize biases introduced through the historical cohort. There is the potential bias of Hawthorne effect among preparation raters. However, the sustained improvement in outcomes over a 12-month period despite changes in raters (trainees and faculty) between academic years and the objective reduction in repeat procedures due to inadequate preparation, which is unlikely to be influenced by the improvement initiative, suggests that rater bias may not substantially drive the improvement in outcomes. In addition, the high intraobserver and interobserver agreement among raters for the Aronchick and BBPS support the reliability of our primary outcome of bowel preparation adequacy. Finally, we were unable to fully compute cost savings due to unaccounted confounders which may influence hospital length of stay, management and costs; thus, our reported estimated cost savings is likely an underestimation as it does not account for costs of additional repeated procedures. Our study suggests a marked improvement in inpatient bowel preparations through implementation of a structured interdisciplinary initiative. Following implementation, we observed a reduction in repeat procedures and hospitalization days following preparation. In the era of valuebased health care, initiatives that trim costs while enhancing patient care are requisite; we have shown that such an initiative is feasible for inpatient colonoscopy. The success of this pragmatic study should serve as an impetus for other institutions to readdress their inpatient bowel preparation practices, and this model can serve as a framework to guide structural and procedural changes.
